Background:
Background
Whole-body bone scans (WBSs) using 99m Tc-labelled methylene diphosphonate ( 99m Tc-MDP) is the most sensitive examination for the detection of bone metastasis in patients with known cancer [1, 2] . Normally, 99m Tc-MDP uptake is seen in the skeletal structure and urinary system. However, a few studies have suggested that 99m Tc-MDP uptake can occasionally be identified in some extraosseous neoplasms (including primary tumour [3] [4] [5] and metastatic lesions [6] [7] [8] ) by WBS, which may be misinterpreted as bone metastases or skeletal involvement. To distinguish this finding from bone metastasis is important for patients with known cancer; however, this is particularly difficult if WBS is used alone because of limited anatomical resolution. SPECT/CT offers the opportunity to acquire both anatomical and functional images, hence enabling more precise anatomical localization and characterization of abnormal radiotracer uptake by SPECT using CT images, possibly reducing confusion and enhancing the diagnostic value of the study when interpreting WBS images question, thereby altering patient management. [1, [9] [10] [11] .
In the last few decades, various authors have reported the potential value of SPECT/CT in the localization and characterization of 99m Tc-MDP uptake in extraosseous neoplasms, including breast cancer, gastrointestinal stromal tumour, Ewing sarcoma, pyelonephritis, sclerosing pneumocytoma, and other diseases [3] [4] [5] [6] [7] [8] [12] [13] [14] [15] . Generally, these case reports and pictorial essays refer to a single case or to a limited number of patients. Nevertheless, the incidence and imaging features of SPECT/ CT in such extraosseous uptake have not been systematically summarized, and the exact mechanisms remain unclear. Therefore, the aims of present study were first, to investigate the frequency of extraosseous uptake of 99m Tc-MDP in soft-tissue neoplasms and to discuss the possible mechanism, and second, to assess the additional value of SPECT/CT in the localization and characterization of this unusual uptake compared to WBS alone.
Methods

Patients
Between May 2015 and July 2018, 99m Tc-MDP WBS was performed in 7308 patients (SPECT/CT was performed in 2147 patients) at our hospital. Patients were included in our study if they met the following criteria: (1) known cancer undergoing WBS for metastatic work-up; and (2) WBS or further SPECT/CT found to have 99m Tc-MDP uptake in extraosseous neoplasm. This study was approved by the local ethics committee. Because of the retrospective nature of the study, written informed consent was waived.
Imaging acquisition
All images were acquired using a SPECT/CT scanner (Philips Healthcare, Eindhoven, the Netherlands). WBS images were acquired 2-3 h after intravenous injection of 99m Tc-MDP at 15-25 mCi, using a low energy, high resolution, and parallel hole collimators. A 256 × 256 matrix with 500 K counts per view was used. After WBS acquisition, the imaging was directly interpreted by experienced nuclear medicine physician. If uncertain lesions were identified on WBS, one or more additional SPECT/CT scans were performed. A low-dose CT was performed for anatomic location and attenuation correction. CT data were acquired with exposure of 140 KeV, 2.5 mA, and 512 × 512 matrix. After CT acquisition, the SPECT acquisition protocol was started, as follows: 15% energy window at 140 keV, and 128 × 128 matrix. Processing and fusion of SPECT and CT images were performed using Jet Steam Workspace (Philips Healthcare, Eindhoven, Netherlands).
Imaging analysis
All images were reviewed by two nuclear medicine physicians with interpretation in consensus. In the first step, reviewers evaluated the WBS images while unaware of the SPECT/CT images, according to following imaging features: location, number, and intensity of extraosseous 99m Tc-MDP uptake. When interpretating WBS images, abnormal radiotracer uptake lesions were classified as two categories (extraosseous and intraosseous). The criteria for classifying a region of 99m Tc-MDP uptake as extraosseous were: the lesion was clearly outside the skeleton structure (such as in chest wall and abdominal region), and the region could not be accounted for by physiological or other distribution. The criterion for classifying a region of 99m Tc-MDP uptake as intraosseous was: the lesion overlapped with the skeletal structure. The intensity of 99m Tc-MDP uptake was graded as high (the 99m Tc-MDP uptake was higher than the sternum on the WBS images), moderate (equal to sternum), or low (less than the sternum). In the second step, SPECT/CT images were evaluated according to the following imaging features: location, number, and presence or absence of intratumoural calcification. For the definition of a disease site, we used the following criteria: (1) each involved liver segment, (2) each lymph node region, (3) each lung lobe and (4) every soft tissue neoplasm.
Statistical analysis
Continuous data were described as the means±standard deviations (SD). Categorical data were described as numbers and frequency (%). The diagnostic accuracy of SPECT/CT for locating 99m Tc-MDP uptake in extraosseous neoplasm were calculated and compared to WBS using the chi-square test. P values less than 0.05 were considered statistically significant. All statistical data were performed using the SPSS Statistics 17.0 (SPSS Inc., Chicago, IL, USA) software.
Results
Patients
A total of 41 patients showed 99m Tc-MDP uptake in extraosseous neoplasms. Of these patients, 23 patients had uncertain lesions on WBS, and one or more additional SPECT/CT scans were performed. Patient characteristics are detailed in Table 1 . The remaining 18 patients with breast cancer showed 99m Tc-MDP uptake in the anterior chest wall by WBS, suggesting extraosseous uptake in breast cancer, and further SPECT/CT was not performed. The incidence of 99m Tc-MDP uptake in extraosseous neoplasms was 0.6% (41/7308) by WBS and 1.1% (23/2147) by SPECT/CT.
In total, SPECT/CT detected 40 sites of extraosseous 99m Tc-MDP uptake in the 23 patients ( Table 2) .
99m Tc-MDP uptake in extraosseous neoplasms were most frequently found in liver ( Fig. 1) , accounting for 30% (12/40) of lesions, followed by breast (Fig. 2) , lung (Figs. 3 and 4), pleura, lymph node (Figs. 3 and 5), peritoneum (Fig. 4) , subcutaneous soft tissues (Fig. 4) , ovary, brain ( Fig. 6 ), chest wall, thyroid, mediastinum, and uterus.
WBS and SPECT/CT findings
A summary of the clinical characteristics, WBS and SPECT/CT findings of all 23 patients is displayed in Table 3 . On the WBS images, the intensity of extraosseous 99m Tc-MDP uptake was considered high in 17 lesion sites, moderate in 6 sites and low in 17 sites. Fourteen lesion sites showing abnormal areas of 99m Tc-MDP uptake outside the skeleton structure were interpreted as having extraosseous uptake. Twenty-three sites of lesion overlapping with the skeleton structure were misinterpreted as having bone lesions. Three sites of lesion were missed by WBS because of extraosseous 99m Tc-MDP uptake equal to or lower than that of adjacent bone. Overall, when considering extraosseous uptake lesions as positive, WBS had an accuracy of only 35% (14/40) based on the standard criteria.
With the addition of SPECT/CT, all 40 sites of lesions in 23 patients were correctly located and diagnosed. The accuracy of SPECT/CT in detecting lesions was 100%, significantly higher than that of WBS (χ 2 = 38.52, P<0.01). Of the 23 patients, 17 patients (73.9%, 18/23) with 31 lesion sites (77.5%, 31/ 40) presented with intratumoural calcification. Six patients had an absence of intratumoural calcification. Three of these patients had breast cancer, and one patient each had medullary thyroid cancer, endometrial cancer and liver metastatic disease from lung cancer.
Discussion
99m Tc-MDP uptake in extraosseous neoplasms is occasionally encountered by WBS in clinical practice. However, to the best of our knowledge, no previous study has measured the incidence of such unusual uptake by WBS and SPECT/CT. In our series, 99m Tc-MDP uptake in extraosseous neoplasm was observed in 0.6% by WBS and 1.1% by SPECT/CT, usually localized in the breast, liver, and lung.
Radiological familiarity with 99m Tc-MDP uptake in extraosseous neoplasms is crucial to differentiate form osseous metastasis and prevent unnecessary treatment. However, the diagnosis of such extraosseous uptake can be a challenge if WBS is used alone, since extraosseous uptake frequently overlaps with skeletal structures, often Tc-MDP activity was located in a breast tumour with calcification (white arrow) mimicking osseous metastasis. Of the cases examined in our study, WBS had an accuracy of only 35% (14/40) based on the standard criteria. In our study [9, 10] and those of others [2, 16] , SPECT/CT effectively resolved diagnostic uncertainty. In the present study, SPECT/CT correctly located and diagnosed all 40 sites (100%) of lesions in 23 patients. Early detection or exclusion of osseous metastasis has a profound influence on the management of patients with known malignancy. Therefore, the use of SPECT/CT is likely to result in altering patient management.
Nevertheless, the exact mechanism of 99m Tc-MDP uptake in extraosseous neoplasms is difficult to identify with precision, and various factors have been proposed. In some studies, histological evidence of calcium deposition has been proposed to be the most important factor [4, 6, 7, 12, 14, 15] . In our series, intratumoural calcification was noted in 31 lesion sites (77.5%, 31/40). We performed SPECT/CT in two patients with osteosarcoma in which the fused functional and anatomic images allowed increased sensitivity for the detection of lymph nodes, pleura, lung, subcutaneous and Tc-MDP activity was located in a pulmonary mass with calcification (white arrow). The patient underwent a left lower lobectomy and pathologic analysis confirmed the diagnosis of a lung adenocarcinoma Fig. 4 A 59-year-old man with known scapular osteosarcoma was referred for metastatic work-up. The whole-body scan (a, anterior; b, posterior) showed multiple foci of abnormally increased 99m Tc-MDP uptake in the left shoulder, supraclavicular region, chest and abdomen (black arrow). Axial CT (c, e, g, i), and SPECT/ CT images (d, f, h, j) showed that the elevated 99m Tc-MDP activity was located in the left shoulder, supraclavicular lymph nodes, pleura, lung, posterior peritoneum and periumbilical subcutaneous tissue (the lesion was missed on WBS due to overlap with the lumbar vertebra) (white arrow) Tc-MDP activity was located in a left inguinal lymph node with calcification (white arrow). Resection of the lymph node was performed and pathologic analysis confirmed the diagnosis of lymph node metastases peritoneal metastasis due to metastatic lesions with calcification. Similar findings were reported by Mebarki M and colleagues [12] for the investigation of osteosarcoma. Classically, primary osteosarcoma and its metastases show extraosseous uptake due to bone matrix formation. Adenocarcinoma (both primary and metastatic) may calcify and accumulate 99m Tc-MDP, including carcinomas of the breast and lung, as well as colorectal cancer and ovarian cancer [14, 15, 17] . Among the primary malignancies in our series, breast cancer (n = 24) most frequently showed extraosseous uptake of 99m Tc-MDP. In our series, increased 99m Tc-MDP uptake was also described in a wide variety of primary neoplasms, including ovarian thecoma, malignant teratoma, and hepatocellular carcinoma. Extraosseous uptake in metastatic lesions were most frequently found in the liver, accounting for 42.3% (11/26) of lesions. The exact mechanism of extraosseous uptake of 99m Tc-MDP in breast, lung, and colorectal cancer is that adenocarcinoma and its metastases possess a mucinous component that may calcify because of internal tumour glycoprotein that binds calcium [14, 15, 17] . In addition, studies reported that calcification in colorectal liver metastasis is generally considered a good indicator of the response to treatment [18] . Therefore, WBS and SPECT/CT may be a potentially useful imaging modality to evaluate responses to treatment for patients with colorectal liver metastasis. Six patients had an absence of intratumoural calcification. Three of these patients had breast cancer, and one patient each had medullary thyroid cancer, endometrial cancer and liver metastatic disease from lung cancer. The mechanism of 99m Tc-MDP uptake in these patients may be increased tumour vascularity or hair-like calcification that is invisible on CT [14, 15] .
This study has some limitations. First, the study was limited by its retrospective design, and the sample size was not large. Second, the actual rates of extraosseous uptake may have been underestimated because some lesions may be missed by WBS due to extraosseous 99m Tc-MDP uptake equal to or lower than that of adjacent bone; therefore, further SPECT/CT was not performed. Third, some lesions were not confirmed by histology, and the exact mechanism of extraosseous uptake may remain unknown in these patients.
Conclusion
99m Tc-MDP uptake in extraosseous neoplasms can be observed as 0.6% on WBS and is usually localized to the breast, liver, and lung. Nuclear physicians should be familiar with such extraosseous uptake when interpreting WBSs. SPECT/CT offers better accuracy than WBS alone for locating the majority of lesions present with intratumoural calcification. 
